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Esophageal atresia and tracheoesophageal ﬁstula (EA/TEF) is a rare congenital anomaly with an incidence
of 1:2500e5000 live births. In premature and low birth weight infants, EA/TEF is associated with sig-
niﬁcant mortality. Premature infants are additionally at risk for the development of multiple compli-
cations related to prematurity. The standard surgical approach to EA/TEF is ﬁstula ligation followed by
primary anastomosis of the esophagus. The optimal timing for repair of EA/TEF in extremely low birth
weight (ELBW) infants is unknown, but some surgeons advocate for a staged approach. We present the
case of a 25 weeks gestational age, ELBW (755 g) infant with EA/TEF whose course was complicated by
iatrogenic esophageal perforation in addition to an isolated ileal perforation. We describe the successful
management of this infant with primary repair of both the ileal perforation as well as the esophageal
atresia. In addition, a recurrent ﬁstula was managed successfully via an endoscopic approach.
 2013 The Authors. Published by Elsevier Inc. Open access under CC BY license.Esophageal atresia and tracheoesophageal ﬁstula (EA/TEF) in
premature neonates, especially in extremely low birth weight
(ELBW) infants (<1000 g), is associated with high mortality
and morbidity [1]. Historically the mortality rate in very low birth
weight (VLBW) neonates (<1500 g) has been found to be
higher than infants of normal birth weight [2,3] but recent case
series have not shown the same poor outcome in this group
that was initially described by Waterston [2,4]. In addition to
iatrogenic esophageal perforation, other known complications of
EA/TEF include gastric perforation secondary to elevated airway
pressures associated with mechanical ventilation [5,6]. We pre-
sent a case of a 755 g, 25 week gestational age neonate who
presented with perforation of the proximal esophageal pouch and
an isolated distal ileal perforation. He was successfully managed
with primary esophageal anastomosis and primary repair of the
ileal perforation.versity of Colorado School of
USA. Tel.: þ1 303 378 4128;
. Acker).
Inc. Open access under CC BY license.1. Case report
A 755 g, 25 week gestational age male neonate, born early sec-
ondary to premature and irreversible onset of labor, lacked respi-
ratory effort at birth and was immediately intubated. An orogastric
tube was placed on day of life (DOL) 1 to decompress the stomach
(Fig. 1). On DOL 2 the patient was noted to have signiﬁcant
abdominal distension. Pneumoperitoneum was visualized on a
chest X-ray obtained to conﬁrm central line placement (Fig. 2). The
patient was evaluated by the surgical service and was thought to
have an isolated ileal perforation. Bedside exploratory laparotomy
was performed in the neonatal intensive care unit (NICU) at which
time a distal ileal perforation with proximal bowel dilation was
identiﬁed and repaired primarily. A thorough examination of the
entire bowel was undertaken to rule out additional anomalies;
none were found. The orogastric tube appeared to terminate in the
proximal stomach on a postoperative abdominal ﬁlm. On post-
operative day one, abdominal exam was notable for signiﬁcant
distention and an abdominal X-ray demonstrated recurrent intra-
peritoneal air. The patient underwent repeat laparotomy, which
revealed an intact ileal anastomosis. However, the stomach was
distended and air was seen to be leaking from the posterior portion
of the stomach with each mechanical breath delivered, raising
concern for the presence of a TEF. Bronchoscopy was then per-
formedwhich conﬁrmed the diagnosis of TEF (Fig. 3). An immediate
Fig. 1. Chest radiograph taken on day of life 1 with orogastric tube appearing to
terminate over the distal esophagus.
Fig. 3. Image taken during bronchoscopy documenting the presence of a trache-
oesophageal ﬁstula.
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left lateral position. Upon thoracotomy, the infant was found to
have a proximal esophageal atresia through which the initial
orograstric tube had perforated, and was now lying on top of theFig. 2. Chest radiograph taken on day of life 2 following placement of a central venous
catheter documenting newly developed pneumoperitoneum.diaphragm. The TEF was identiﬁed and ligated. A primary esopha-
geal anastomosis was performed over a 5 Fr feeding tube. The area
between the anastomosis and the tracheal ﬁstula closure was
reinforced with AlloDerm given the presence of extremely friable
and inﬂamed tissue. In addition a gastrostomy was created.
The postoperative course was complicated initially by an anas-
tomotic leak, which was successfully managed nonoperatively. A
recurrent TEF was identiﬁed nearly 3 months after initial repair,
which was treated with bronchoscopic cauterization and applica-
tion of ﬁbrin glue to the ﬁstulous tract; this required a total of three
treatments. The patient was discharged home on DOL 122 with a
weight of 2988 g. He was doing well and tolerating full feeds via
the gastrostomy tube.2. Discussion
EA with or without TEF is a rare congenital anomaly with an
incidence of 1:2500e1:5000 live births [7]. Diagnosis is usually
made by the inability to pass a nasogastric tube and the ﬁnding of a
coiled tube in the proximal pouch on a chest radiograph [7]. The
combination of prematurity and low birth weight can further
complicate the management of these rare cases. Advances in
neonatal intensive care such as improved respiratory, anesthetic,
and surgical care have facilitated an increased survival of low birth
weight infants with EA/TEF [8]. Standard surgical management of
EA/TEF involves division of the TEF and a primary end-to-end
anastomosis of the proximal and distal esophageal segments [9,10].
However, this approach remains controversial in low birth weight
infants. Waterston in 1963 outlined three critical factors affecting
survival in this group of patients including birth weight below
2500 g, pulmonary status and the presence of additional congenital
anomalies [2]. At the time, survival rates were reported to be 39% in
premature infants [2]. This lead to the development of a staged
approach to repair, which involves initial division of the ﬁstula and
placement of a gastrostomy tube for feeding access, followed at a
later date (up to months later) by esophageal repair [11]. In 2009,
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infants under 1500 gwho underwent staged repair [12]. In contrast,
Pohlson et al. demonstrated excellent outcomes among infants
with EA/TEF weighing less than 2500 g who underwent primary
repair. In their series, there were no mortalities among the 22 who
underwent primary repair. Of the remaining 9 patients, 7 had res-
piratory distress syndrome (RDS) requiring staged repair and 2
expired prior to repair [13]. This data suggests that primary repair
may be safe in low birth weight infants. These authors emphasized
that the infant’s clinical condition, not weight, should determine
the timing and extent of surgery [13]. This is further supported by a
recent retrospective review of 240 infants. Choudhury et al. found
that cardiac and chromosomal anomalies, as well as late respiratory
complications are associated withmortality in EA/TEF [4]. However,
birth weight of less than 1500 g was not found to be signiﬁcantly
associated with mortality (84% survival among infants >1500 g;
71% among those<1500 g) [4]. In the last decade, some groups have
reported on the feasibility of both primary and staged approaches
for very low birth weight as well as extremely low birth weight
infants [8,14]. The smallest reported infant to survive following
primary repair of EA/TEF was only 740 g [15]. This patient’s course
was relatively uncomplicated as he did not suffer from respiratory
distress or cardiac or chromosomal anomalies [15]. In our case, the
decision to proceed with primary repair was based on the presence
of the proximal esophageal perforation, as well as the absence of
RDS that would have prevented this approach. Despite the presence
of inﬂamed, friable tissue at the site of proximal esophageal
perforation, we were able to obtain a satisfactory repair.
As demonstrated by the current case, premature infants have a
signiﬁcant risk of iatrogenic gastric perforation, as well as isolated
small intestinal perforation. Iatrogenic gastrointestinal perforation
is known to result from both mechanical ventilation as well as
orogastric tube placement [5,16,17]. A recent review of six infants
with gastric perforation in the setting of EA/TEF revealed that this
unusual complication can occur even in infants who are not me-
chanically ventilated [6]. These authors suggest that these infants
should undergo initial stabilization with drain placement followed
by thoracotomy and laparotomy with primary repair of both the
esophagus and stomach during a single procedure [6]. Of these six
patients who were treated with a single operation, four survived to
hospital discharge. However, each of the patients in this series was
near term (range 36e38 weeks gestational age) and birth weight
ranged from 2020 to 2500 g, making the applicability of these
ﬁndings to extremely low birth weight infants difﬁcult [6]. In 1993,
Holcomb reported on his experience managing two premature in-
fants (each less than 1200 g) with EA/TAF, both complicated by
gastrointestinal perforation (gastric and duodenal). Each of these
infants was successfully managed using a staged repair. However,
each of these cases was also complicated by the presence of RDS,
making primary repair impossible [11]. We were fortunate in the
management of the current patient as he did not have signiﬁcant
RDS precluding primary repair. This case provides evidence to
support the possible use of primary repair of EA/TEF, even inextremely low birth weight infants. Ours is one of the smallest in-
fants known to survivewith EA/TEFwho didwell following primary
repair, despite the additional ileal perforation he suffered.3. Conclusions
Premature, extremely low birth weight infants may safely un-
dergo primary repair of EA/TEF. Neonates with EA/TEF and compli-
cating medical conditions may beneﬁt from a staged approach to
repair, regardless of their size.
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